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ZDVRQHRIWKHIDFWRUVWKDWKDYHUHVWULFWHGWKHXVHRIGLUHFWLQMHFWLRQ0RUHRYHUWKHLQMHFWLRQV\VWHPVKRXOGFRQWURO
ZLWKSUHFLVLRQWKHF\FOLFGRVHDFFRUGLQJWRWKHHQJLQH¶VZRUNLQJUHJLPH
&RPSDUHG WR WKHNQRZQDGYDQWDJHVRI IXHO LQMHFWLRQ LQ WKLVFDVHZHFRXOGDOVRXVHKLJKHUFRPSUHVVLRQUDWLRV
GXHWRWKHVXSSOHPHQWDU\FRROLQJHIIHFWRYHUWKHFKDUJHDQGF\OLQGHUZDOOVRIWKHYDSRUL]LQJIXHO,QWKHPHDQWLPH




2XU VROXWLRQ QDPHG 30$&& 3RRU0L[WXUHV LQ$X[LOLDU\&RPEXVWLRQ&KDPEHU HQVXUH WKH JHQHUDWLRQ DQ
LQKRPRJHQHRXVSRRUPL[WXUHV)RUWKLVSXUSRVHWKHDXWKRUVKDYHGHFLGHGWRFKDQJHWKHLJQLWLRQVROXWLRQFRQYHUWLQJ










RI WKHDX[LOLDU\FKDPEHUZKLFK LVGXH WR WKH LQFUHDVHGFRQWDFW VXUIDFHZLWK WKHDLUIXHOPL[WXUHKDVDOORZHG WKH
LQFUHDVH RI WKH FKDPEHUF\OLQGHU KHDG FOHDUDQFH 7KH ORZHU FRPSUHVVLRQ UDWLR ZDV DFKLHYHG E\ LQFUHDVLQJ WKH
YROXPHRI WKHERWKFRPEXVWLRQFKDPEHUV HVSHFLDOO\ WKHYROXPHRI WKHPDLQFRPEXVWLRQFKDPEHU%DVHGRQRXU
SUHYLRXVH[SHULHQFHZHKDYHXVHGIXHOLQMHFWLRQIRUPL[WXUHIRUPDWLRQZKLFKKDVDOORZHGXVWRPDLQWDLQVRPHRI
WKHFRPSRQHQWVRIWKHEDVHHQJLQH0L[WXUHIRUPDWLRQLVVLPLODUWRWKHRQHXVHGE\WKH'LHVHOHQJLQHDQGLW WDNHV
SODFHPDLQO\ LQ WKHDX[LOLDU\ FKDPEHU'XH WR WKH IOXLGPRWLRQJHQHUDWHGE\ WKH30$&&VROXWLRQZHFRXOGXVH
QR]]OHVZLWKRQO\RQHLQMHFWLRQKROHDQGDUHODWLYHO\ORZLQMHFWLRQSUHVVXUH
)XHO LQMHFWLRQ VWDUWV GXULQJ WKH FRPSUHVVLRQ VWURNH WKXV HQVXULQJ WKH YDSRUL]DWLRQ RI WKH IXHO WKH KLJKHU
WHPSHUDWXUHRIWKHDX[LOLDU\FKDPEHUHQKDQFHVWKHYDSRUL]DWLRQSURFHVV
7KHDLUSXVKHGE\WKHSLVWRQFUHDWHVWKHVZLUOLQVLGHWKHDX[LOLDU\FKDPEHU7KHDLUIXHOPL[WXUHLVLJQLWHGE\D
VWDQGDUG VSDUN SOXJ $IWHU LJQLWLRQ GXH WR WKH KLJK SUHVVXUH WKH EXUQLQJ PL[WXUH LV EORZQ RXW LQWR WKH PDLQ
FKDPEHU WKURXJK WKHFRQQHFWLQJFRQGXLWDQGFRQWLQXHV WREXUQ LQVLGH WKHPDLQFKDPEHU7KHVKDSHRI WKHSLVWRQ
KHDGZDVLPSRVHGE\WKHGHFUHDVHRIWKHFRPSUHVVLRQUDWLRDQGWKHSURJUHVVLYHDLUIHHGLQJRIWKHPL[WXUHH[SHOOHG
IURPWKHDX[LOLDU\FKDPEHU7KLVVROXWLRQLVRSSRVHGWRWKHRQHDSSOLHGDWWKH&RPHW,,,DQG&RPHW9FRPEXVWLRQ
FKDPEHUV IRU'LHVHOHQJLQHVZKHUH WKH IODPH MHW LVGLYLGHG LQ WZRFRPSRQHQWVZLWK LQWHQVLYH URWDWLRQDOPRWLRQ
QHHGHGIRUWKHFRPSOHWLRQRIWKHPL[WXUHIRUPDWLRQ7KHHIIHFWLVQHYHUWKHOHVVWKHVDPH±WKHGHFUHDVHRIWKHIXHO
FRQVXPSWLRQDW WKHRXU30$&&VROXWLRQ WKLV LV DFKLHYHGERWKE\SURPRWLQJ WKH LQF\OLQGHUFRPEXVWLRQDQGE\
XVLQJDUHGXFHGYROXPHDX[LOLDU\FKDPEHUZKLFKOHDGVWRWKHGHFUHDVHRIWKHHQHUJ\FRQVXPHGIRUWKHH[SXOVLRQRI
WKHJDVHV7KH WKHUPDO VWUHVV RI WKHSLVWRQ LVDOVRGLPLQLVKHGGXH WR WKHDLU OD\HUFUHDWHGRYHU WKDW7KLV VROXWLRQ
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DYRLGV WKHGURSOHWV GHSRVLWLRQXSRQ WKH F\OLQGHU RLO OD\HU WKXV DYRLGLQJ WKHSUHPDWXUHZHDURI WKH F\OLQGHU7KH














7KH WKHUPDO HQHUJ\ LQWURGXFHG GXULQJ WKH HQJLQH F\FOH WKURXJK FRQVWDQW YROXPH FRPEXVWLRQ VSHFLILF WR
LQKRPRJHQHRXVSRRUPL[WXUHVLV
ݍଵ ൌ ܿ௏ ή ሺ ଷܶ െ ଶܶሻ          
DQGWKHHQHUJ\ORVVLV











































ߟ௘ǡ௩௜௣௠ ൌ ߟ௧௩௜௣௠ ή ߟ௥ ή ߟ௠         
DQG
ߟ௘ǡ஽௜௘௦௘௟௙௨௘௟ ൌ ߟ௧௩௣ ή ߟ௥ ή ߟ௠         
,QUHDOLW\WKHGLIIHUHQFHEHWZHHQWKHWZRHIIHFWLYHHIILFLHQFLHVLVKLJKHUEHFDXVHWKHPHFKDQLFDOHIILFLHQF\RIWKH










DQG WKHQ WKURXJK RULILFHV U SURFHVVHG LQ WKH F\OLQGHU RI WKH HOHPHQW ,Q RUGHU WR DYRLG WKH GLOXWLRQ RI RLO ZLWK
JDVROLQH WKH OHDNDJH IORZV EHWZHHQ WKH SLVWRQ DQG WKH F\OLQGHU DUH GUDLQHG RII WKURXJK WKH GUDLQ FKDQQHOG DQG
RSHQLQJH$OWKRXJKWKLVVROXWLRQHQVXUHVKLJKRSHQLQJLQMHFWLRQSUHVVXUHVWKDWDUHQHFHVVDU\IRUWKHGLUHFWLQMHFWLRQ
RIJDVROLQHWKHHIILFLHQWOXEULFDWLRQLQWKHXSSHUSDUWRIWKHSXPSLQJHOHPHQWFDQQRWEHGRQHEHFDXVHWKHRLOGRHV




WKHF\OLQGHU DQG WKHSOXQJHU DV LW LV VKRZQ LQ WKH IXQFWLRQDO VFKHPH LQ)LJE7KLVSXPSLQJHOHPHQW LV
LVRODWHGIURPWKHJDVROLQH7KHJDVROLQHLVFRPSUHVVHGDQGFDUULHGE\PHDQVRIWKHVHSDUDWLQJHOHPHQWZKLFKLV
RI WKHSLVWRQ W\SH7KHYROXPHEHWZHHQ WKHSOXQJHUDQG WKHVHSDUDWLQJHOHPHQW LV ILOOHGZLWKK\GUDXOLFRLO
NHSWDWDSUHVVXUHRIEDU03DE\PHDQVRIDQDX[LOLDU\SXPS7KHFLUFXODWLRQRIWKHK\GUDXOLFRLOIRULWV
FRROLQJ DQG WKH GUDLQ RI WKH JDV WKDW DSSHDUV DUH UHDOL]HG ZLWK WKLV SXPS 7KH K\GUDXOLF RLO SHQHWUDWHV LQ WKH
SXPSLQJHOHPHQWWKURXJKWKHRULILFHWKDWFDQEHIRXQGLQWKHVSDFH%'&%RWWRP'HDG&HQWHU,QWKLVZD\ZKHQ












271 Edward Rakosi et al. /  Procedia Technology  22 ( 2016 )  266 – 273 
DFFRUGLQJWRWKHDGMXVWPHQWPRYHPHQW50E\PHDQVRI WKHWRRWKHGVHFWRUDQGWKHUDFNEDURI WKHLQMHFWLRQ
SXPS
,QWKLVSXPSVROXWLRQ WKHSXPSLQJHOHPHQWFRPSUHVVHVRLO WKDWKDVDJUHDWHUYLVFRVLW\WKDQ WKHXVXDOZRUNLQJ
OLTXLG WKH VHDOLQJSRZHURI WKH FRXSOHPDGHRI WKH F\OLQGHU DQG WKHSLVWRQ LV LPSURYHG DQG WKH DFKLHYHG
FRPSUHVVLQJ SUHVVXUHV JURZ WRR 7KH VHDOLQJ SRZHU RI WKH SXPSLQJ HOHPHQW JURZV LQ WKLV FDVH WRR GXH WR WKH
SRVVLELOLW\RIUHGXFLQJWKHSOD\EHWZHHQWKHF\OLQGHUDQGWKHSLVWRQZLWKRXWDOWHULQJWKHTXDOLW\RIWKHOXEULFDWLRQRI
WKH UXEELQJ VXUIDFHV 7KH OXEULFDWLRQ RI WKHVH VXUIDFHV LV HQVXUHG WKURXJK WKH RLO OHDNV IURP WKH VSDFH DERYH
%HFDXVHWKHSUHVVXUHRIWKHRLO LQWKLVVSDFHLVHTXDOWRWKHZRUNLQJSUHVVXUHRIWKHSXPSWKHELJJHUWKHZRUNLQJ
SUHVVXUHLVWKHEHWWHUWKHOXEULFDWLRQRIWKHUXEELQJVXUIDFHVZLOOEH











*%2606;33URI )LJ)LJSUHVHQWV WKHFDU WHVWEHGDQG)LJ WKHHQJLQH VSHHGFKDUDFWHULVWLFVZLWK
YDULRXVORDGV
)LJ7KHFKDVVLVG\QDPRPHWHU )LJ7KHFDUWHVWEHG
272   Edward Rakosi et al. /  Procedia Technology  22 ( 2016 )  266 – 273 
)XUWKHU WR WKHDQDO\VLVRI WKHVHFKDUDFWHULVWLFVRQHFDQQRWLFH WKDW WKHSHUIRUPDQFHGLIIHUHQFHGHFUHDVHV LQ WKH
VDPH WLPH ZLWK WKH VSHHG ULVH SHUKDSV GXH WR WKH VOLJKW LQFUHDVH RI SUHLJQLWLRQ EDVHG RQ WKH UHGXFWLRQ RI WKH






































































































7KH FRPSDUDWLYH YDULDWLRQV RI WKH FDUERQPRQR[LGH &2 FDUERQ GLR[LGH &2 K\GURFDUERQ +& R[\JHQ
2DQGDLUFRHIILFLHQWOIRUYDULRXVHQJLQHVSHHGVDUHVKRZQLQ)LJDEFG7KHREWDLQHGDYHUDJH
UHGXFWLRQVDUHRI7KH LPSURYHPHQW UHVXOWV IURP WKH IDFW WKDW IRU WKLVJDVROLQH LQMHFWLRQVROXWLRQ WKHUH LVQR
QHHGIRUDTXLWHUHDFKPL[WXUHLQRUGHUWRSURYLGHLJQLWLRQDQGEXUQLQJVWDELOLW\*OREDOO\ WKHREWDLQHGUHGXFWLRQV
FDQEHH[SODLQHGEDVLFDOO\E\XVLQJSRRUHUPL[WXUHVZLWKUDWHVRIWKHDLUH[FHVVFRHIILFLHQWELJJHUWR
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